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To construct a nonlinear theory of the gravitational eld
F

with the correct weak eld limit, we assume that
the interaction of gravity with itself is described by a



















(where  is the determinant of the background metric)







derivative of the Lagrangian with respect to X), we get











In the next section we shall study a particular solution
of these equations of motions for a given choice of the
Lagrangian.
III. THE STATIC AND SPHERICALLY
SYMMETRIC SOLUTION
In what follows, we will restrict our study to a special















where  is Einstein's constant. The parameter b, with
dimensions of length
 1
, is undetermined at this point.
Notice that its value should be large enough for the series
expansion of Eqn.(2) to be in agreement with the weak-
eld limit.
We are interested in static and spherically symmetric
solutions in a Minkowskian background. Consequently,



































The only nonzero trace component, F
1









From the equations of motion (1) and the expression of
















r    = 0























;  = 1; (4)







Noting that the function (r) is dened only for r  r
0
,
we can write using Eqn.(3),













This integral can be written in terms of an elliptic integral















































2) + const: (5)
In order to determine the value of the constant, we im-
pose that spacetime be Minkowskian for large r, which
















3The value of the constant C and the sign of  have
not been determined up to now: they are dictated by
the weak eld limit of the solution, which must coincide
with that of Schwarszchild. The radial component of the







In our case, g
rr








and therefore conclude that  = +1 and C = 2M .
Thus, the general expression for the static, spherically
symmetric and asymptotically at spacetime in NDL the-
ory previously derived in [2], is given by the metric
ds
2
= [1 + (r)] dt
2








with (r) and (r) given by Eqns. (3) and (6) respec-
tively. In the following sections we shall study some prop-
erties of this solution.
IV. GRAVITATIONAL PHYSICS AROUND
COMPACT OBJECTS IN NDL THEORY
Here the predictions of NDL theory are compared with
those of GR. Using the static and spherically symmetric
solution, we will consider rst the three classical tests of
GR in the framework of NDL theory. Then we shall see if
NDL theory can describe black hole congurations analog
to that of Schwarszchild. The following series expansions











































































A. Motion of particles
We now analyze the geodesics of photons and particles
with nonzero mass in the geometry described by Eq.(8).
The motion can be studied using the eective potential
[9, 12]. For a static and spherically symmetric geometry
there are two constants of motion along a geodesic, which




 = L; g
tt
_
t = E; (12)
where the dot indicates a derivative with respect to the
proper time (or an aÆne parameter in the case of null
geodesics), and  = =2. From the equation for the in-
















where k is 1 (0) for timelike (null) geodesics. Rearranging
Eqns.(12) and (13) we obtain
_r
2
+ V (r) = E
2
; (14)
where the eective potential V (r) is given by




























(r) dened in Eqn.(8). L and E
are the angular momentum and energy per unit mass
respectively. This expression for V (r) reduces to the




















upon substitution of the Schwarszchild metric.
1. The perihelion shift of Mercury
One of the triumphs of GR was its ability to correctly
predict the perihelion of Mercury. We shall show here
















) is the aphelion (peri-















This equation and the discussion following Eqn.(2) en-
sure that we can keep only the rst term in the expansion











and consequently from the expansions in Eqns.(10) and
(11) the fourth and higher orders terms can be neglected.
The eective potential in the case under consideration
can thus be approximated by
































We see that this approximate expression contains new
terms not present in the exact expression given by
Eqn.(15), even for the massless case. These new terms
4signal potential dierences between NDL theory and GR
in the weak eld regime. Let us try to estimate the mag-







, so the term involving this factor can be
safely neglected. We now need an estimate for E
2
which




(the values of the radius where _r = 0). The result can








































It follows that E
2
  1  10
 7
and so the last term in
Eqn.(16) is negligible for k = 1. Consequently the ef-
fective potential for NDL theory coincides with that of
Schwarszchild. Therefore, NDL agrees with GR in the
prediction for the perihelion of Mercury.
2. The deection of light by the Sun
To derive the equation that governs the deection of








Combining this with the discussion following Eqn.(2), it
follows that the eective potential for the deection of















































negligible. Thus it is clear that the equation of motion
for photons in NDL coincides with that of Schwarszchild.
3. Time delay of light
Let us sketch the derivation of this eect in NDL the-
ory, adopting the usual procedure for GR (after [13]).
Consider the path of a light ray with  = =2 in the




























































which coincides with the equation for the GR case (see
[13], pp. 204). Consequently, also in this case NDL the-
ory prediction agrees with that of GR.
B. Black holes in NDL
We now investigate the existence of horizons in the
metric given by Eqn.(8). The position of the putative







































where the function cn(x) is the cosine-amplitude. This
expression provieds the value of r
h
in terms of C = 2M





sequently, the region where the geometry is not dened
(r < r
0
) is always inside the surface r = r
h
.
To determine whether Eqn.(18) denes a horizon or a
singular surface, we can compute the components of the


















= r sin :
Here we will give the expression for only one of the com-










(1 + (r))(1 + (r))
: (19)
Clearly this component of the Riemann tensor in the










(r) is null at that
point. Consequently, we would have a naked singular
surface instead of a horizon [15]. We could attempt to
cure this divergence by imposing that g
rr
(r) diverges at
the horizon, in the hope of getting a nite and nonzero
value for the denominator of Eqn.(19). Note however
that g
rr
(r) only diverges at r = r
0
, so it would be nec-




to produce a horizon. To





5expand the metric functions near r = r
0
. It is convenient
to change variables to r = r
0
+ R. In terms of this new
















































The only term that leads to a divergence in the limit
R! 0 is the term proportional to 1=
p
R appearing in the













for small x), it is clear that the divergence cannot be
eliminated. The analysis of the geometry seen by matter
then implies that static and spherically symmetric black
holes cannot be described by NDL theory: the would-be
horizon r = r
h
is in fact a naked singularity.
C. Eective metric for gravitons
We have shown that there are no black holes for mat-
ter in NDL theory. However, there may be a black hole
conguration for gravitons. As previously mentioned, in
NDL theory gravitons interact nonlinearly with them-
selves. Consequently, the path of these particles is not
governed by the background metric but by an eective


























and L(A B) is an arbitrary Lagrangian. A short calcula-
tion using the Born-Infeld-like Lagrangian from Eqn.(2)






















in Minkowski spacetime. The result for the compo-
nent of the Riemann tensor given by Eqn.(19) calcu-
lated with this metric indicates that there is a (naked)
singularity seen only by gravitons at r = r
0
. Subse-
quently, the eective metric for gravitons cannot describe
a Schwarszchild black hole.
V. DISCUSSION
Our analysis revealed that NDL agrees with GR for
the three classical tests performed in the weak eld limit.
Note however that there are potential disagreements in
situations in which gravity is strong. For instance, for







, the convergence of the series expan-
sions Eqns.(9)-(11) will be much slower, and observable
eects would appear. Another instance in which the two
theories dier in their predictions is in the existence of
black holes. As we have shown, there are no solutions in
NDL theory that describe static and spherically symmet-
ric black holes. In fact, from the analysis in Sect.(III), we
conclude that the two possible cases in the metric seen
by matter lead to naked singularities.
Let us remark that there are two dierent types of sin-
gularities appearing in the problem, which we will call





two singularities: one located at r = r
h
and another
located at r = r
0
. We can call the rst singularity geo-
metrical because the quantities related to the geometry
(like the eective potential and the Riemann tensor in
tetrads) diverge at r = r
h
, but the eld F

is nite
at that point (see Eqn.(III)). The energy density of the
















































From this expression, and using the equations of motion,



















which is nite at r = r
h
. On the other hand, at r = r
0
the quantities related to the geometry do not diverge,
but there is a divergence of the eld and of the energy
density.
The divergences of the geometrical and eld quantities




either. We expect that
the divergences of the quantities related to the eld to
be physical. The fact that the geometry does not display
the same pattern of divergences as that of the eld sug-
gests that some modication should be introduced to the
theory. A possible alternative would be to assume that
the (unobservable) background is not at spacetime but a
curved geometry (for instance, de Sitter spacetime). An-
other assumption that must be checked is the postulated







). Work in this direction is currently
under way.
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